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(54) METHOD FOR OXIDIZING A THiOETHER GROUP INTO A SULFOXIDE GROUP 

(57) The present invention relates to a procedure for the oxidation of a thioether group to a sulfoxide group, with 
aqueous sodium percarbonate In the presence of a molybdenum salt as a catalyst. The procedure is of application to 
oxidize the thioether group of a compound (I), where R, is a C^-C^ alkyi, a halogenated Ci-Cg alkyl, or -(CH2)n-OR9. 
where n is an integer between 1 and 6 and Rg Is H or a C^-Cg alkyl; Rg, R3, R4. R5, Rg and Rg, Independently form 
each other represent H. a C^-Cg alkyl, or C^-Cg alkoxy; and R7 Is H, a C^-Cg alkyl. a C^-Ce alkoxy or a C^-Ce^'uorlnated 
alkoxy; in order to obtain the sulfinyl derivative (II). 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates to a procedure for oxidation of a thioether group to a sulfoxide group. More 
speciflcairy, It rebates to a procedure for oxidation of a thioether group in a compound with the f omiula (I) to a sulfoxide 
group, to obtain the sulfinyl derivative with the fonnula (II). IN said fonnulae (I) and (II), Rg, R3, R4, R5, Rg and Rg, 
independently fronn each other represent hydrogen, an alkyi group with 1 to 6 carbon atoms, or an alkoxy group with 
1 to 6 carbon atoms; R7 represents hydrogen, an alky I group with 1 to 6 carbon atoms, an alkoxy group with 1 to 6 
carbon atonr^ or a fluorinated alkoxy group with 1 to 6 carbon atoms; and R-, represents an alkyI group with 1 to 6 
carbon atoms, a halogenated alky! group with 1 to 6 carbon atoms, or a group such as -(CH2)„-OR9, where n is an 
integer between 1 and 6. both 



inclusive, and R9 represents hydrogen or an alkyI group with 1 to 6 carbon atorris. 
BACKGROUND OF THE INVENTION 

[0002J The development of procedures for synthesizing compounds with the formula (II), particularly those meant to 
obtain compounds with an important therapeutic activity, such as lansoprazol. 2-[[[3-rhethyl-4-(2,2.2-trrfluoroethoxy)- 
2-pyridinyl]melhyl]sulfinyl]-1H-benzimidazol, omeprazol, 2-[[(3,5-dim ethyl- 4-methoxy- 2-pyndlnyl)methylJsumnyl}- 
5-methoxy-1 H-benzimidazo), rabeprazol, 2-[[[3-methyl-4-(3-metiioxypropoxy)-2-pyridinyl]methyl]sulfinyl]-1 /^benzimi- 
dazol, and pantoprazol. 5-difluoromethoxy-2-[[(3,4-dimethoxy-2-pyrldinyl)methyl] sulfinyl]- 1 Afbenzimidazol, which are 
known as agents which inhibit gastric secretions and are administered to mammals for treating gastrointestinal ailments 
such as gastritis, gastric and duodenal ulcers, has been the object of many patents, without solving certain serious 
drawbacks related to these procedures. 

[0003] In this sense are known in the state of the art several synthesis procedures for these 2-(2-pyridinylmethylsuIfl^ 
nyl) benzimidazols with the formula (II) which basically involve the synthesis of the precursor thioether and Its subse- 
quent oxidation to a sulfinyl group. Several procedures have been described forthe synthesis of lansoprazol and related 
products such as that in patent EP-1 74726, which describes a procedure for oxidation of sulfur with one of m-chlorop- 
erbenzoic. peracetic, trifjuoroperacetic or penriallc iacids, sodium bromite or sodium hypochlorite, or hydr<igen peroxide. 

• ,P^^nUai2>R!jcation;w^ a method for prepairirig^omeprazol by oxidation of its thioether 

precuredr \flrtm-a' a tjiphasic rnediUm of water and a chlorinated organic solvent. Likewise, patent 

appHcjatibh W099/2671 1 al^o describes a method forthe separation of omeprazol in whfch the oxidation of the thioether 
precursor is realized with cumehum hydroperoxide or t-butyl hydroperoxide in the presence of a titanium complex. 
[0005] EP-302720 describes a procedure in which oxidation of the thioether group of compounds as 2-(2-pyridlnyl- 
methylthio) benzimidazols is achieved with hydrogen peroxide, using as catalyst vanadium pentoxide, sodium meta- 
vanadate, ammonium metavanadate or vanadium (IV) acetylacetonate. 

[0006] WO98/40378 describes a procedure in which the oxidation of the thioether group of compounds as 2-(2-py- 
ridinylmethylthio) benzimidazols is achieved by compounds of the peroxy type, such as peraclds, alkylhydroperoxides, 
benzoylperoxides, hydrogen peroxide, metaperiodates and tetraalkylammonium perbofate^tc, and as catalyst are 
used vanadium compounds. 

[0007] Patent application WO99/0252 describes a method for oxidation of thioether-to sukphoxide based on the use 
of a peroxoborate sart in the presence of an anhydride acid or a metal catalyst, or with an N-halosuccinimide, 1 ,3-dihalo- 
5.5-dimethylhldantoine or a salt of dichloroisocyanuric acid in the presence of a base. 

[0008] Patent ES-21 05953 describes the conditions for oxidation of thioether to sulfoxide based on the use of hy- 
drogen peroxide in a medium of sodium bicarbonate, catalyzed by phosphotungstenic acid H3(P(W30^o)4)xH20. 
[0009] Patent £3-2060541 describes a procedure for oxidation of sulfur to sulfoxide with potassium peroxymono- 
sulfate. with or without the presence of a ketone, or with hydrogen peroxide, in the presence of catalysts of Mo and V 
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acetylacetonate. 

[0010J Another patent which describes the oxidation of suifur to sulfoxide with t-butyl hydroperoxide catalyzed by 
vanadium is ES-2063705, In this case for the synthesis of lansoprazol. 

[001 1 J Patent US-5374730 describes an oxidation stage of sulfur to sulfoxide with hydrogen peroxide and catalyzed 
by vanadium acetylacetonate. 

[0012] Patent ES-2036948 describes a procedure for the synthesis of lansoprazol, in which the last stage involves 
the oxidation of the thioether precursor of lansoprazol to sulfoxide, with m-chloroperbenzoic acid or magnesium 
monoperoxyphthalate in the presence of a quaternary ammonium salt, or hydrogen peroxide, with a W or molybdenum 
catalyst* 

[001 3J From the state of the art it Is intended that the procedure which has been developed farthest and is more widely 
used for oxidation is that which employs vanadium catalysts. Among these basic procedures the most efficient Is the 
one which uses hydrogen peroxide and vanadium catalyst; and the one which uses magnesium monoperoxyphth&late 
(MMPP). as described in patent EP-633264. Despite this, there are unsolved drawbacks In these procedures such as 
the fact that vanadium compounds are relatively toxic, and that MMPP is expensive to use Industrially as well as 
generating phthalic add as a reaction byproduct. Finally, in both cases sulfone and N-oxide are produced as impurities 
due to overoxidation. Production of these impurities obviously results In increased costs in the procedures for obtalnina 
any of these products. 

[001 4] The procedure described for oxidation of the thioether precursor of lansoprazol involving the use of hydrogen 
peroxide and molybdenum catalysts also does not give good results as it has the drawback of producing a large amount 
20 of sulfone and some N-oxide as undesirable byproducts. 

[0015J The need therefore exists to develop an improved procedure for the oxidation of these ihioethers to sulfoxide 
and in particular applicable to synthesis of omeprazol, lansoprazol, rabeprazol and pantoprazol, or their precursors. ' 

DETAILED DECRIPTipN OF THE INVENTION 

[0016] The present invention relates to a procedure for oxidation of a thioether group to a sulfoxide group and In 
particular for oxidation of a thioether group of a compound with the formula (I) as defined above to a sulflnvl derivative 
with the fonnula (II). 

[0017] In the sense used in this description, the term "halogenated alkyi group with 1 to 6 carbon atoms" signifies 
an alkyI group with 1 to 6 carbon atoms which contains one or more halogen atoms, preferably fluorine or chlorine 
substituting one or more hydrogen atoms. Similarly, the temri "fluorinated alkoxy group with 1 to 6 carbon atoms" signifies 
an alkoxy group with 1 to 6 carbon atonr^ which contains one or more fluorine atoms substituting one or more hydrogen 
atoms, such as 2,2,2-trifluoroelhoxy or difluoromethoxy. 

[0018] The procedure Involves the oxidation of the thioether with sodium percarbonate in the presence of a molyb- 
denum salt as a catalyst, which is preferably ammohlum motybdate. This new procedure has proved to be more efficient 
than the various procedures described in the discussion on the state of the art. Additionally, sodium percarbonate 
stands out as an oxidizing agent which is easy to handle, relatively stable and simple to store. 
[001 9] The procedure of the present invention presents a numberof improvements on the previous procedures such 
as the following: 

the pH of the reaction mixtpre is slightly bask: and thus adequate for stability of compounds such as lansoprazol 
In a solution, 

- the fomriation of N-oxide as an impurity is unappreclable or appreciable at negligible amounts, 
the percentage of sulfone produced is low, 

the oxidized product can be isolated by precipitation in the reaction medium, 

- a first purification of the sample can be perfomied by a fractionated precipitation at a controlled pH. 

[0020] In addition, the oxidation was attempted with vanadium catalysts, but the restrits oOlained-were not satisf ac- 
tory. 

[0021] In a preferred realization of the procedure of the Invention the oxidation is effected with amolar ratio of sodium 
percarbonate to the thioether with the fonnula (I) ranging between 0.5 and 1 .4, and preferably between 0.6 and 1 2 
[0022] The amount of catalyst (molybdenum salt) employed is between 0.3% and 7%. and preferably between 0 5% 
and 5%, by weight, with respect to the thioether with formula (I) . 

[0023] The solvent used for the oxidation reaction is an alcohol with a low molecular mass, preferably methanol 
[0024] The reaction temperature Is between -1 0°C and 25°C, preferably between -S^C and 20^C 
[0025] Among the compounds with the fomiula (II) are lansoprazol, omeprazol, rabeprazol, pantoprazol and 
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2-[[[4-(3-hydroxypropoxy)-3-melhyl-2-pyridinyl]methyl]sulfinyl]>1/^benzlmW which may be obtained from the cor- 
responding thioether precursors by oxidation of the thioether group to a sulfoxide group according to the procedure 
provided by this invention. In a particular realization, said compounds with formula (II) are obtained by oxidation of the 
thioether group present in the thioether precursors with the corresponding fonnula (I) to sulfoxide, In methanol (soh^ent) 
with sodium percarbonate, In a molar ratio with respect to the Initial thioether ranging between 0.6 and 1 .2, in the 
presence of ammonium molybdate (catalyst) with a ratio of ammonium moiybdate with respect to the initial thioether 
between 0.5% and 5% by weight, and at a temperature between -5^C and 20°C. 

I0026J 2-[[I4-(3-hydroxypropoxy)-3-methyl-2-pyridlnyl]methyl] sulfinyl].1 H-benzimldazol may be used as a material 
for the synthesis of rabeprazol by the transfomnation of the hydroxyl group into a methoxy group. " 
[0027] The following examples are provided for purposes of Illustration only and should not be understood as a 
definition of the limits of the Invention. 

EXAMPLE 1 

Preparation of lansoprazol 

[00281 1 0 g of 2-[[[3-methyl-4-(2.2,2-trlfluoroethoxy)-2-pyridlnylImethyl]thio]-1 H-benzlmidazol were dissolved In 60 
ml of methanol and 0.3 g of ammonium molybdate were added. The solution was cooled to 1 0**C, and 3.35 g of sodium 
percarbonate added slowly, kept stirred at the same temperature for 1 5 hours. After the reaction ended 250 ml of water 
were added and the pH of the resulting mixture adjusted to 10 with 10% acetic acid. This was Icept stirred for 1 hour 
and the solid obtained was filtered, and subsequentiy washed with water and dried In a vacuum oven at 40'»C This 
provided 9.4 g of lansoprazol (yield: 90%). 

EXAMPLE 2 

Preparation of omeprazol 

[00291 30 g of 2-[[(3,5-dimethyl- 4-methoxy -2-pyrldinyl)methyl]sulf lnyl]-5-methpxy- 1 /^benzimidazol were dissolved 
in 150 mi of methanol and 0.9 g of ammonium molybdate were added. The solution was cooled to 10**C and 11 .7 g of 
sodium percarbonate were added slowly and kept at this temperature for 15 hours, after which 450 ml of water were 
added slowly and the pH adjusted to 8.6 with 10% acetic acid. The resulting solid was filtered and then washed with 
water and acetone. After drying In a vacuum oven at 30/35°C, 25.4 g of omeprazol were obtained (yield: 81%). 

EXAMPLE 3 


Preparation of rabeprazol 

[0030] 2.3 g of 2-[[[3-methyl-4-(3-methoxypropoxy)-2-pyridinyl]methyl]thio]-1 A^benzimidazol were dissolved in 11 .5 
ml of methanol and 90 mg of ammonium molybdate were added. The solution was cooled to S'^C and 0.87 g of sodium 
percarbonate were added, then kept.stlrred at this temperature for 6 h. After the reiaclion finished 22 ml of water were 
adde^i then h^^^^ to 20^C and adjusting the pH of the mixture to 7.5 with acetic acid. The mixture Is extracted with 
50 ml of dicHloirometfiane and the organic phase was separated, which was then washed with 1 00 ml of water The 
solvent was evaporated at a reduced pressure. 2.0 g of rabeprazol were obtained (yield: 81 %)r 

EXAMPLE 4 


Preparation of pantoprazol 

[00311 31 0 mg of 5-dff luoromethoxy-2-[[(3,4-dimethoxy-2-pyridinyl)methyl]thio]-1 H-benzlmidazol were dissolved in 
1.5 ml of methanol and 12 mg of ammonium molybdate added. The solution was cooted^o^C annt).11 g of sodlurh 
percarbonate were added, then kept stirred at the same temperature for 4 h. After the reaction ended 3 ml of water 
were added, then heating to 20»C and adjusting the mixture of the pH to 7.5 with acetic acid. The mixture is extracted 
with 6 ml of dichloromethane and the organic phase separated, then washed with 10 ml of water. The solvent was 
evaporated at a reduced pressure. 274 mg of pantoprazol were obtained (yield: 88%). 
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EXAMPLE 5 

Preparation of 2-[[3-methyl-4-(3-hidroxypropoxy)-2-pyriclinyl]methyl]sulfinyq-1 /^benzimidazoi 

[0032J 2.2 g of 2-n[4-(3-hidroxypropo><y)-3-methyl-2-pyridinyl]methyl]thio]-1H-ben2imld were dissolved in 11 .5 
ml of methanol and 90 mg of ammonium molybdate were added. Tfie solution was cooled to 5^C and 0.87 g of sodium 
percarbonate were added, then stirring at the same temperature for 6 h. After the reaction ended 22 ml of water were 
added, then heating to 20''C and adjusting the pH of the mixture to 7.5 with acetic acid. The mixture was extracted 
with 150 ml of dichloromethane and the organic phase separated. The solvent was evaporated at reduced pressure, 
providing 2.0 g of 2-[[[4-(3-hidroxypropoxy)-3-riiethyl-2-pyridinyflmethylJsulflnylJ-1 benzimidazol (yield: 86%). 


1 . Procedure for oxidation of a thioether group to a sulfoxide group, characterized in that the oxidation of the thioether 
group is effected with sodium percarbonate and a catalyst consisting of a molybdenum salt. 

2, Procedure as claimed In claim 1 , characterized in that the product which is oxidized is a 2-(2-pyridinylmethyl- 
thio)benzimtdazol with formula (I) 


represents an alkyi group with 1 to 6 carbon atoms, a halogenated alkyi group with 1 to 6 carbon atoms or 
^ -(CH2)n-OR9 group, where n is an. integer between 1 and 6, both inclusive, and Rg represents hydrogen or 
an alkyi group with 1 to 6 carbon atoms; 

^3* '^4. ^5* f^e» independently from each other represent hydrogen, an alkyl group with 1 to 6 

carbon atoms or an alkoxy group with 1 to 6 carbon atoms; and 

: il%irepresent^ hydrpgenv' an alkyl group with 1 to. 6 carbon atdrns, an alkoxy group with 1 to . S carbon atoms 

^•^ w^^^ ... 

3. Procedure as claimed In claim 1 or 2, characterized in that the molybdenum salt is ammonium molybdate. 

4. Procedure as claimed In claim 1 . characterized in that the ratio of the molybdenum salt with respect to the thioether 
is between 0.3% and 7% by weight. 

5. Procedure as claimed in claim 4, characterized in that the ratio of the molybdenum salt Is between 0.5% and 5% 
by weight with respect to the thioether. ... -sW - - 

6. Procedure as claimed in claim 1, characterized in that the molar ratio of sodium percarbonate to thioether is 
between 0.5 and 1 .4. 


7. Procedure as claimed in claim 6, characterized in that the molar ratio of sodium percarbonate to thioether Is 
between 0.6 and 1 .2. 

8. Procedure as claimed in claim 1 , characterized in that the reaction temperature is between -1 O^C and 25''C. 


Claims 


OR| 



where 
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9. Procedure as claimed in claim 8, characterized fn that the reaction temperature is between -5**C and 2G**d.* 

10. Procedure as claimed in claim 1 , characterized In that the solvent is an alcohol with a low molecular mass. 
11- Procedure as claimed .in claim 10. characterized in that the alcohol of low molecular mass is methanol. 

12. Procedure for preparation of lansoprazol characterized in that the last stage of the synthesis Is achieved by the 
oxidation of the thioelher precursor according to any of claims 1 to 11 . . 

1 3. Procedure for preparation of lansoprazol according to claim 1 2/ characterized In that the oxidation of the thioether 
group of the 2-[[[3-methyl-4-(2,2,2-trifluoroethoxy)-2-pyridlnyi] methyl]thio]-1H-ben2imida2ol to a sulfoxide group 
takes place In methanol as solvent, using sodium percarbonate In a molar ratio with respect to the Initial thioether 
between 0.6 and 1 .2, and ammonium molybdate as a catalyst, with a ratio of ammonium molybdale ranging be- 
tween 0.5% and 5% by weight with respect to the thioether. and at a reaction temperature between -5**C and 20»C. 

14. Procedure for preparation of omeprazol characterized in that the last stage of the synthesis is achieved by the 
oxidation of the thioether precursor according to any of claims 1 to 11 . 

15. Procedure for preparation of omeprazol according to claim 1 4, characterized in that the oxidation of the thioether 
group of the 2-[[(3,5-dlmethyl- 4-methoxy -2-pyridinyl)nr>ethyl]sulfinyl]-5-methoxy-1H4:)enzimida2ol to a sulfoxide 
group takes place In methanol as solvent, using sodium percarbonate In a molar ratio with respect to the initial 
thioether between 0.6 1 .2, and ammonium molybdale as a catalyst, with a ratio of ammonium molybdate ranging 
between 0.5% and 5% by weight with respect to the thioether, and at a reaction temperature between -S'*^ and 
20«*C. 

16. Procedure for preparation of rabeprazol characterized in that the last stage of the synthesis is achieved by the 
oxidation of the thioether precursor according to any of claims 1 to 11 . 

17. Procedure for preparation of rabeprazol according to claim 16, characterized in that the oxidation of the thioether 
group of the 2-[[[3-methyl-4-(3"methoxypropoxy) -2-pyridinyl]methyl] throJ-1 /^benzimldazol to sulfoxide takes 
place in methanol as a solvent, using sodium percarbonate in a molar ratio with respect to the initial thioether 
between 0.6 and 1 .2, and ammonium molybdate as a catalyst, with a ratio of ammonium molybdate ranging be- 
tween 0.5% and 5% by weight with respect to the thioether, and at a reaction temperature between -5*'C and 20**C. 

18. Procedure for preparation of pantoprazol characterized in that the last stage of the synthesis is achieved by the 
oxidation of the thioether precursor according to any of claims 1 to 11 . 

19. Procedure for preparation of pantoprazol according to claim 1 8, characterized in that the oxidatton of the thioether 
group of the 5-diflupromethoxy-2-H(3,4-dimethoxy-2-pyridinyl)methyOth to sulfoxide takes 

^ ;R!^^? v"^^,*^^^^ solvent, using sodiuhni percarbonate in a molar ratio with respect to the Initial thioether 

^' •^^ by weight with respect to the thioether, and at a reaction temperature between -S'^C and 20'*C. 

20. Procedure . for preparation of 2-[[[3H7iethyM-(3-hidroxypropoxy)-2-pyridinyl]methyllsulfinyli-1/^benzlmlda2ol 
characterized in that the last stage of the synthesis is achieved by the oxidation of the thioether precursor ac- 
cording to any of claims 1 to 11 . 

21. Procedure for preparation of 2-[[[3-methyl-4-(3-hidroxypropoxy)-2-pyridinyl]methyl]sulfinyl]-1H-benzimidazol ac- 
cording to claim 20, characterized in that the oxidation of the thioether group of the 2-[[[3-methyl-4-(3-hidroxypro- 
poxy)-2-pyridlny!]methyl]thio]-1H-ben2imlda20l to sulfoxide takes place In metharmh-^r^ solvent, using sodium 
percarbonate in a molar ratio with respect to the initial thioether between 0,6 and 1 .2, and ammonium molybdate 
as a catalyst, with a ratio of ammonium molybdate ranging between 0.5% and 5% by weight with respect to the 
thioether. and at a reaction temperature between -5'C and 20**C. 
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